Incidental gastric subepithelial tumor (SET) is frequently found during endoscopy. Although endoscopic ultrasonography (EUS) can provide useful information, its diagnostic accuracy varies. Most of the potentially malignant tumors observed on EUS are hypoechoic lesions. Therefore, we aimed to investigate the diagnostic accuracy of EUS for hypoechoic lesions located in the submucosa or proper muscle layer. We also evaluated various characteristics for potential associations with diagnostic accuracy.
Introduction
Subepithelial tumor (SET) is a term that is used for a mass with normal-appearing mucosa during endoscopy. [1] Most of gastric SETs are asymptomatic and are found incidentally during endoscopy. The incidence of gastrointestinal SET has been reported to be 0.36%. [2] In recent years, the detection rate of gastric SET has increased because of developments in endoscopic equipment and the increased use of endoscopic examinations. During initial endoscopy, the endoscopic features of gastric SET provide important information. The following features should be assessed: size, morphology, mobility, hardness (soft, cystic, or firm), pulsation, color, and surface appearance of the tumor. [1] However, it is difficult to confirm many tumors with initial endoscopic examination. Although conventional endoscopic forceps biopsy has been used, the diagnostic yield has been disappointing (14%-42%). [3, 4] In addition, the use of bite-onbite technique may cause complications such as bleeding in approximately 2.8% of cases. [4] A firm gastric SET is inconsistent with a cyst, vessel, or lipoma and may necessitate endoscopic ultrasonography (EUS). One can differentiate between intramural lesions and extramural compressive lesions during EUS examination. If the lesion is intramural, one can ascertain tumor size, layer, and morphologic features, suggesting a diagnosis. By using EUS, one can examine the echogenicity of the tumor (homogenous vs inhomogeneous and hyperechoic vs hypoechoic or anechoic). Among gastric SETs, malignant and potentially malignant tumors are hypoechoic lesions, such as gastrointestinal stromal tumors (GISTs), neuroendocrine tumors, lymphomas, and metastatic carcinomas. [1] Although EUS provides a considerable amount of information, the reported accuracy of EUS is approximately 45.5%. [5] Thus, EUS alone is not a confirmative method of examination for differentiating between benign and malignant SETs.
Therefore, in the present study, we sought to analyze endoscopic-pathologic factors for potential associations with the accurate diagnosis of gastric SETs located in the submucosa (SM) or proper muscle (PM) layer.
Methods

Patients
We retrospectively reviewed the medical records of patients with gastric SET who visited Pusan National University Yangsan Hospital (Korea) between March 2008 and April 2015. During the study period, a total of 3003 SETs were found during endoscopy. We excluded 933 lesions that were esophageal or duodenal SETs; 1225 gastric SETs that had not been subjected to EUS examination; and 94 hyperechoic lesions, anechoic lesions, or extraluminal compressions. After making these exclusions, 751 hypoechoic lesions remained. We additionally excluded 652 lesions that had not been pathologically confirmed, leaving a total of 99 hypoechoic lesions of gastric SETs that had been histologically confirmed. These 99 lesions were included and analyzed in the present study (Fig. 1 ). Written informed consent was obtained from all patients before performing EUS or the diagnostic procedure. The study was approved by the Ethics Committee that belongs to our Institutional Review Board.
Procedures
Initially, we performed diagnostic EUS using a miniprobe catheter (Olympus, Tokyo, Japan; UM DP 20-25R) with the water-filled method. If the layer of origin was uncertain or low penetration of echo was suspected, we additionally used radial EUS (Olympus; GF-UM2000). For hypoechoic lesions that were located in the SM or PM layer with surface ulceration, the histologic diagnosis was established using endoscopic forceps biopsy. If the endoscopic biopsy of an SM lesion showed a negative histological outcome, we conducted complete resection by endoscopic or surgical resection. For PM-layer tumors that were larger than 2 cm or had malignant features (such as ulcerations, erosions, or erythema), an operation was conducted. For lesions that were larger than 2 cm and covered with normalappearing gastric mucosa, EUS-guided fine needle aspiration (EUS-FNA), deep tissue biopsy with cap-assisted mucosal resection, or submucosal dissection technique (ESD) was conducted. Deep tissue biopsy with cap-assisted mucosal resection was performed using the cap-assisted endoscopic mucosal resection (EMR) technique. After the removal of normal-appearing mucosa, endoscopic forceps biopsy was performed. For lesions that were smaller than 2 cm and covered with normal-appearing gastric mucosa, annual follow-up examination was recommended. During these follow-ups, if the size of the lesion was observed to have increased more than 50%, the histologic confirmative methods described in the above text were attempted.
Endoscopic and pathologic characteristics were assessed, including the mean size, location of the lesion, histologic confirmative modalities, and pathologic results of the SETs. We calculated the agreement between EUS findings and histologic outcomes and assessed the accuracy of EUS.
Statistical analysis
Univariate analyses of continuous and categorical variables were performed with Student t test and the chi-square test or Fisher exact test, respectively. Values of P < 0.05 were regarded as indicating statistical significance. If variables were found to be statistically significant in univariate analyses, then they would be entered into a forward stepwise multiple logistic regression model to identify risk factors that had independent associations with early gastric cancer. In our results, continuous variables are summarized as means ± standard deviations. The statistical analyses were performed by an author of this study using SPSS version 12.0 for Windows (SPSS Inc., Chicago, IL).
Results
A total of 99 patients were enrolled, each of whom underwent EUS followed by pathologic diagnosis during the study period. The mean age of the patients was 59. Table 2 ). The overall accuracy of EUS was 66.7%. The location, size, and layer of origin did not show significant associations with the diagnostic accuracy of EUS (Table 3) . Diagnostic accuracy is shown according to the expected diagnosis by EUS in Table 4 . Although the most common expected diagnosis was GIST (48.5%, 48/99), the diagnostic accuracy for GIST was 77.1% (37/48). The accuracy was 50% for both neuroendocrine tumor (8/16) and ectopic pancreas (7/14) . Among the incorrectly diagnosed lesions, 2 unexpected lesions were found: a lymphoma lesion in the SM layer, which was thought to be a neuroendocrine tumor primarily (Fig. 2) , and an ectopic pancreas lesion in the PM layer, which was initially expected to be GIST (Fig. 3) .
Diagnostic discrepancy was found in 33.3% (n = 33) of the 99 patients. Among the discrepancies, 21 cases were clinically significant misdiagnoses (presumptive diagnosis benign lesion vs malignant or potentially malignant lesions, or vice versa). In 7 cases, the presumptive diagnosis was benign, but the histologic diagnosis was malignant or premalignant lesion (2 gastric cancers and 5 GISTs). All cases were treated with curative surgical resection. In 13 cases, the presumptive diagnosis was malignant or potentially malignant lesion, but the pathologic diagnosis was benign (8 schwannomas, 4 leiomyomas, 1 inflammatory fibrinoid polyp, and 1 granular cell tumor). The inflammatory fibrinoid polyp and the granular cell tumor were resected using ESD techniques. The schwannomas and leiomyomas were initially suspected to be GIST after diagnostic EUS. However, these tumors were resected via laparoscopic wedge resection because of surface ulceration or increased tumor size during follow-up.
Discussion
Recently, there have been many cases of incidental diagnoses of gastric SETs during endoscopy. The detection of gastric SET raises several concerns: What is the pathologic diagnosis? Can we differentiate the lesions that require therapy from those that do not? What is the best treatment plan? After gastric SETs are found, it is important to differentiate between benign and malignant or potentially malignant lesions. EUS has been a popular endoscopic procedure for evaluating SET and provides a considerable amount of information. The first role of EUS is to distinguish intramural and extrinsic compressive lesions. The most common causes of extraluminal compression are the spleen and splenic vessels, while the other causes are the hepatic left lobe, gallbladder, colon, and pancreas. In addition, abscesses, cysts of the pancreas or kidney, aneurysms, and enlarged lymph nodes might be suspected of being extraluminal compression. [1] If an intramural lesion is identified, EUS can provide more information than conventional endoscopy. For example, EUS can provide the lesion size, layer of origin, tumor margin, and echogenicity. [1] After conventional endoscopy or EUS, if typical findings of benign tumors are suspected, such as lipoma (hyperechoic lesion), vascular structures, or cyst (anechoic lesion), then no further diagnostic tests or treatments are required. However, most malignant or potentially malignant lesions are hypoechoic. Thus, in the present study, we only enrolled subjects with hypoechoic tumors that originated from the SM or PM layer. The primary aim of the present study was to identify the diagnostic accuracy of EUS, while the secondary aim was to evaluate endoscopic and pathologic features associated with the diagnostic accuracy of EUS. In the present study, the accuracy of EUS was 66.7%. This result is similar to that of a previous study. [5] However, after analyzing the data, we could not find any significant associations between endoscopic features and the diagnostic accuracy of EUS. The main problem with diagnostic EUS is that the expected diagnosis is operator dependent. In cases of lipoma, cystic lesion, and extrinsic compression, the diagnostic accuracy of EUS is acceptable; however, EUS does not show satisfactory value with regard to GIST and other SETs. [6] In our experience, during EUS for gastric SETs, the expected diagnosis of the lesion is influenced by the reported frequencies of lesions associated with different layers of origin and locations. For example, GISTs may be expected in PM-layer cases because it is the most common SET originating from the PM layer, and neuroendocrine tumors may be expected in SM-layer cases because it is a frequent or important SET originating from the SM layer. Therefore, it is important to obtain SET tissues to identify the pathology of the lesions.
To date, various tissue acquisition methods have been reported. Although the first step may be conventional endoscopic forceps biopsy, the diagnostic rate of this method is low because the lesion is located beneath the mucosa. Endoscopic biopsy techniques, such as the bite-on-bite technique or the use of jumbo biopsy forceps, yield definite diagnosis rates of 14% to 58.9%, but they are associated with bleeding complication rates of 2.8% to 35.7%. [4, 7] In the present study, the diagnostic rate of endoscopic forceps biopsy was 32.6% (16/49). The diagnostic rate of endoscopic forceps biopsy may be affected by the originating layer of the tumor and the surface mucosal appearance. If endoscopic forceps biopsy is used for SM-layer tumors and lesions with overlying mucosal changes (such as color changes or ulceration), the diagnostic rate of forceps biopsy may increase. EUS-FNA and biopsy may represent the most recent and well defined procedure. EUS-FNA and Tru-Cut biopsy allow the cellular evaluation of GISTs with reported accuracies of 63% to 94%. [8] [9] [10] In the era of ESD, many different endoscopic resection and biopsy techniques have been introduced. Endoscopic resection using a ligation device or a transparent cap yields definite diagnosis in approximately 90% of SM-layer tumors. [11] Endoscopic partial resection with the unroofing technique or single-incision needle-knife biopsy yields a 92.8% to 93.7% definite diagnosis rate. [12] [13] [14] The associated procedure-related bleeding rate was 56% (9/16), but could be controlled easily through endoscopic bleeding techniques. [13] In the present study, the diagnosis rates for the modalities were as follows: EUS-FNA, 75.0% (3/4); endoscopic biopsy, 32.7% (16/49); deep tissue biopsy using cap-assisted mucosal resection, 88.9% (8/9); ESD, 100.0% (30/30); and operation, 100.0% (64/64).
In this study, we limited the study cohort to patients who had submucosa or PM-layer tumors with hypoechogenicity because the hypoechoic lesion might have malignant potential. In addition, the mean size of the PM-layer tumors was more than 2 cm.
The most popular deep tissue techniques are EUS-FNA and TruCut biopsy. Some difficulties can occur during the application of these techniques, such as misfire of the needle inside the lesion and procedural difficulties when the lesion is in the distal antrum. However, when applying ESD techniques or deep biopsy after mucosa unroofing techniques (endoscopic partial resection), the diagnostic yields have been reported to be more than 90%. [12] [13] [14] Further, in the present study, there were neither cases of significantly delayed bleeding, nor cases of serious complications.
Differentiation between benign and potentially malignant gastric SETs is important. However, diagnostic discrepancy was Table 2 Characteristics of gastric subepithelial tumors. This means that applied management strategies may be inappropriate for 1/3 of patients. Therefore, we propose that the deep tissue acquisition techniques should be chosen according to the preference of the endoscopist. Most gastric SETs are asymptomatic and have small sizes (<2 cm). [14] [15] [16] Although 3.6% to 8.5% of gastric SET increase in size, most of the lesions are benign in nature. [14, 15] Therefore, histologic confirmation is not necessary for all gastric SETs. The potentially malignant features during endoscopy and EUS are surface ulceration, size larger than 2 to 5 cm, rapid growth, irregularity of the extraluminal border, presence of cystic spaces, heterogeneity, [16] and echogenicity-particularly, hypoechoic lesion with lower echogenicity in the muscle. Thus, in cases of gastric SET with known malignant features, we must consider performing a histologic diagnosis. In the present study, most of the tumors located in the SM layer were resected using endoscopic techniques (ESD techniques were used for 25 lesions). For tumors that were located in the PM layer with surface changes, a large size of more than 5cm, and inhomogeneous echogenicity, we recommended an operation (47/99 lesions).
Our study is subject to several limitations. First, it was conducted retrospectively in a single center. The accumulation of data from multiple centers and prospective studies may provide more rigorous and generalizable assessments of the diagnostic accuracy of EUS. Second, there may have been some technical differences between EUSs in this study because EUS is an operator-dependent examination. Third, the methods of pathologic diagnosis differed because they were selected based on each operator's individual preference.
In summary, the overall accuracy of diagnostic EUS was 66.7% (66/99) for hypoechoic gastric SETs, meaning that diagnostic discrepancy occurred in 1 of 3 cases. Although the aim of the present study was to determine endoscopic features that were associated with diagnostic accuracy, no statistically significant differences in accuracy were observed according to the location, size, or layer of the lesion. When incidental gastric SET is found during endoscopy, one should attempt to differentiate benign lesions and potentially malignant lesions primarily based on their endoscopic features. When the gastric SET is firm, conventional endoscopic forceps biopsy and EUS should be considered to ascertain any change in surface or size. Considering the substantial differences that have been observed between the presumptive diagnosis and pathologic results, one should obtain a pathologic diagnosis. Each endoscopist can select from the available diagnostic methods, as per his or her individual preference.
